A 63-year-old Caucasian female with a history of diabetes mellitus had been complaining of lower mid-back cutaneous nodule that had been growing in size ( Figure 1 ). The patient denied trauma, skin discharge, weight loss, fever, and night chills but had mild fatigue. A magnetic resonance imaging scan of lumbar spine was ordered by her primary doctor, which showed a diffuse abnormal signal over an area of about 11 cm × 8 cm. Ultrasound of the area showed an asymmetric abnormal echogenicity to the right of the midline. She was subsequently referred for a computed tomography-guided skin biopsy that demonstrated a diffuse infiltration of malignant cells of moderate size with ovoid to irregular nuclear contours and many nucleoli with significant mitotic activity. Flow cytometric analysis identified an abnormal population of cells accounting for the majority of events analyzed, showing surface lambda light chain restriction; coexpression of CD19, CD20, FMC-7, and HLA-DR; and aberrant coexpression of both CD10 and CD5. Immunohistochemical stains for CD20, CD10, BCL2, MUM1, and c-MYC were strongly positive, BCL6 was moderately positive, and the malignant cells had a proliferation index (Ki-67) of greater than 90%. CD3 and Cyclin D1 were negative (Figure 2A-G) . Fluorescence in situ hybridization (FISH) analysis was performed using DNA probes for aggressive B-cell lymphoma. Two hundred
Introduction
Diffuse large B-cell lymphoma (DLBCL) is a heterogeneous disease both in molecular pathogenesis and clinical outcome. Double hit (DH) DLBCL is an aggressive subtype of DLBCL in which there is both a MYC rearrangement as well as either a BCL2 or less commonly a BCL6 rearrangement. When all 3 are present it may be referred to as a triple hit lymphoma (THL). 1 Though immunohistochemistry (IHC) can be used to detect the over expression of MYC, BCL2, and BCL6 protein, these are not necessarily diagnostic of double hit lymphoma (DHL). Rather, when it is present by IHC in the absence of their rearrangement, detected by FISH, it can be classified as another entity of DLBCL called dual expresser (DE). 2 The presence of MYC and BCL2 rearrangement is common in DH DLBCL, while rearrangement of BCL6 is rare. 3 DH DLBCL is typically of germinal center B-cell origin, commonly referred to as GCB; DE DLBCL is typically of non-germinal center origin, non-GCB. Both are often aggressive and may not be adequately treated with standard R-CHOP therapy. Some of the confusion lies in recent discoveries, rapidly changing landscape leading to new and still evolving terminology. Thus, the World Health Organization does not yet list these as separate/distinct subtypes. Rather, they all fall under the general heading of DLBCL NOS, or B-cell unclassifiable between DLBCL and Burkitt lymphoma. 4 The anxiously anticipated update to the 2008 classification is expected in the near future and will likely reflect much of these changes.
Clinical Presentation: When to Test for DHL
In a large retrospective Japanese study, Niitsu et al found that extranodal sites, B symptoms, advanced stage, high serum lactate dehydrogenase (LDH) level, and bone marrow involvement were significantly more prevalent among patients with the dual translocation. Among the 19 patients with the dual translocation, extranodal sites of disease were bone marrow (16 patients), pleural effusion (6 patients), central nervous system (4 patients), small intestine (2 patients), stomach (2 patients), lung (1 patient), thyroid (1 patient), and breast (1 patient). In addition, 12 patients had at least 2 extranodal localizations. 5 On the other hand, in a smaller series of 53 patients published by Landsburg et al, DH gene rearrangements were detected in 32% of patients. In their series, no baseline factor, including age, stage, LDH, International Prognostic Index (IPI) score, or histology were statistically significant in association with DH status. 6 There is no clear consensus regarding who and when to test for DHL status. Both NCCN (National Comprehensive Cancer Network) and ESMO (European Society for Medical Oncology) suggest but do not require evaluation in their most recent guidelines. 7, 8 
DHL and Genetic Abnormalities
With the introduction of gene expression profiling in the last decade or so, DLBCL has been found to actually be a heterogeneous group of lymphoid tumors that are diverse not only in their underlying molecular pathogenesis but also in their clinical behavior and outcome. DLBCL has since been classified under 2 main groups, the germinal center type (GC) and the activated B-cell type (ABC). 9 The first group (GC) resembles a normal germinal center B cell and has a superior rate of 5-year survival with current therapy (CHOP or R-CHOP), whereas the second group resembles an activated B cell and is associated with inferior rates of 5-year survival. As gene expression profiling is not yet a commercially available tool, clinicians often rely on HANS algorithm using available IHC stains to differentiate the germinal center and non-germinal center types. 10 The 3 most common chromosomal translocations in DLBCL involve the following oncogenes: (a) BCL2 (gene rearrangement at 18q21), found in more than 30% DLBCL, mainly in the GC molecular subtype, which when present as the only abnormality does not affect DLBCL survival outcome 11 ; (b) BCL6 (gene rearrangement at 3q27) seen in about a third of patients with no prognostic value when present alone 12 ; (c) and c-MYC (gene rearrangement at 8q24), seen in up to 15% of cases of DLBCL, which alone portends a worse prognosis following treatment with standard doxorubicin-based combination chemotherapy. 13 
DHL, Dual Expresser Lymphoma (DEL), and Triple Hit Lymphoma (THL)
Friedberg et al 14 stated that the combination of genetic abnormalities c-MYC and often BCL2 rearrangements, also called DH DLBCL, has been established as predicting for highly refractory disease after conventional therapy (eg, R-CHOP). Less frequently DH DLBCL may have translocations involving c-MYC and BCL6, and more rarely what studies in past decade called "triple-hit" lymphoma when the c-MYC, BCL2, and BCL6 rearrangements present concordantly; most of the studies analyzed data from patients with THL indicate inferior survival when treated with the conventional treatment. 15 The expression of BCL2 protein is not always correlated with the t(14;18); Iqbal et al 16 found that BCL2 protein expression was observed in 44% of GCB DLBCL and 62% of ABC DLBCL, and was correlated with a poor outcome with R-CHOP standard therapy only in the GCB subtype and not in the ABC subtype. In the same study, the ABC subtype of DLBCL rarely had the t(14;18), yet amplifications of 18q21 were seen in up to two thirds of cases, providing a possible mechanism for BCL2 overexpression in these tumors.
Optimal Management of DHL
Due to its rarity and resultant paucity of prospective trials in DHL, there is no consensus about the standard treatment for DHL or DEL. Multiple retrospective analyses were conducted to help guide the treatment of this aggressive and heterogeneous form of DLBCL (Table 1) .
Petrich et al 18 published a multicenter retrospective analysis looking at DH DLBCL patients who were treated, and compared the outcomes of those that received standard R-CHOP versus more intensive regimens (R-HYPERCVAD, DA EPOCH-R, or R-CODOX-MIVAC). Also, they looked at patients who had complete resolution (CR) and underwent ). In addition, 2-year EFS rates in patients who did (n = 23) or did not (n = 48) receive frontline SCT were 68% and 53%, respectively (P = .155; Figure 3) . A recent prospective multicenter phase II study using R-DA-EPOCH for MYC rearranged aggressive B-cell lymphoma was presented by Dunleavy at ASH, which demonstrated a short-term median follow-up time of 14 months, PFS, time to progression (TTP), and OS were 79%, 86%, and 77%, respectively, for all patients. 26 The most consistent result of these retrospective analyses indicates that DHL has an inferior outcome when treated with standard R-CHOP therapy. Furthermore, they imply that this inferior outcome may be overcome by using more intense regimens such as R-DA-EPOCH, R-HYPERCVAD, or R CODOX/M IVAC. Based on the MD Anderson experience, R-DA-EPOCH may be the best tolerated while maintaining the largest improvement in PFS.
Until a prospective trial demonstrates improved survival, these suggestions will remain somewhat speculative. Table 1 summarizes the largest series.
Several prospective trials are ongoing that will hopefully answer some of these questions ( Table 2) . A number of these trials are looking at multiple targets involved in the pathogenesis of lymphoma at the molecular and genetic levels.
The Ohio State group, in a recently published article in Cancer (median of 28.5 months follow-up) reviewed the outcome of their treated patients with MYC+ and DH, and they demonstrated that only age and achievement of CR was correlated with better outcomes. The median PFS for patients with documented double-hit NHL who achieved a CR had not yet been reached (95% confidence interval [CI] = NR to NR) versus 3.9 months (95% CI = 1.8-8.0 months) for those who did not achieve a CR (P < .0001). The median OS for those patients who did not achieve a physician-assessed CR was 7.0 months (95% CI = 2.0-12.5 months) compared with a median not reached for those who did achieve a CR (95% CI = NR to NR; P < .00001). 27 
Conclusion and Management of Our Patient
Back to our 63-year-old patient who was diagnosed with not only rare extranodal presentation of her DH DLBCL but also with a rare coexpression between MYC and BCL6 rearrangement. Her physical exam was consistent with her back skin nodule described above (Figure 1 ) with left eye protrusion and swelling but no lymphadenopathy, and the rest of her exam was normal. We completed her staging with positron emission tomography/computed tomography (PET/CT), bone marrow biopsy, lumbar puncture, as well as checking comprehensive metabolic panel, complete blood count, LDH, uric acid, HIV, viral hepatitis panel, and 2D echo. All tests came back within normal range except, LDH of 503 and abnormal PET/CT scan as shown in Figure 4A ). Patient has stage IVE DH DLBCL, with IPI score 4. 28 Reviewing the literature as above, R-DA-EPOCH was the treatment option we favored, outside of a clinical trial. The patient's excellent functional status helped making this decision easy for both us and the patient. After 2 cycles of R-DA-EPOCH, she had complete resolution of her left eye protrusion and swelling ( Figure 5 ), near complete resolution of her mid-back skin nodule ( Figure 6 ), and significant improvement of her disease as repeated PET scan showed ( Figure 4B ) with no areas displaying FDG avidity. The patient also received central nervous system prophylaxis, with IT Methotrexate. She completed 6 cycles, without significant toxicity except for 1 episode of neutropenic fever requiring admission, short hospitalization, and dose reduction in therapy. Repeat PET/CT posttreatment continues to demonstrate CR. As shown by The Ohio State group, CR should correlate with improved long-term outcomes. After 4 months she developed lower back pain and paresis of left lower extremity. Lumbar puncture showed white blood cell count of 3000. Cytology and flow cytometry confirmed leptomeningeal lymphomatosis.
She was started on HDMTX and her white blood cell count decreased to 100; however, pain and paresis persisted.
Her quality of life was severely affected and she chose to pursue comfort measures.
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